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DEVICE AND METHOD FOR PACKAGE WARP COMPENSATION 
IN AN INTEGRATED HEAT SPREADER 

5 FIELD 

[0001] The invention relates to a device and method for package warp 

compensation in an integrated heat spreader. iVlore particularly, the present 
invention is a device and method that determines the warpage in an integrated heat 
spreader (IHS) and compensates for this warpage to improve the heat dissipating 
Z 10 properties of the IHS. 

5 BACKGROUND 

ci [0002] In the rapid development of computers many advancements have been 

seen in the areas of processor speed, throughput, communications, fault tolerance 

as: 5 

tlJ 15 and size of individual components. Today's microprocessors, memory and other 
□ chips have become faster and smaller. However, with the increase in speed, 

reduction in the size of components, and increased density of circuitry found within a 
given chip/die, heat generation and dissipation have become a more critical factor 
than ever. 

20 [00031 To facilitate the dissipation of the heat generated by a die, an IHS may 
be affixed to the die and maybe used in conjunction with a heat sink. The IHS is 
affixed to the die with a layer of thermal interface material that is used to provide 
some adhesion between the IHS and the die and transfer heat from the die to the 
IHS. In addition, a heat sink may be placed on top of the IHS with a layer of a 
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thermal interface material placed between the IHS and heat sink to facilitate a limited 
amount of adhesion and transfer heat from the IHS to the heat sink. The heat sink 
may have vertical fans extending there from to increase the surface area of the heat 
sink and facilitate the transfer heat from the IHS to the ambient air. As would be 
appreciated by one of ordinary skill in the art these heat sinks may take many 
different forms and may include a small electric fan. 

[0004] A package may be fomned during the assembly process by affixing the 
die to a substrate and then placing the IHS on top of the die and the heat sink on top 
of the IHS. The placement of the IHS on top of the die may be accomplished 
utilizing an industrial robot arm with a grasping tool affixed to the robot arm. The 
grasping tool may hold the IHS at the edges thereof and place it on top of the die. 
[0005] Since the die may be made flat and rectangular or square in shape, the 

IHS is also designed to be flat so that the thermal interface material between the die 
and the IHS and the thermal interface material between the IHS and heat sink is of a 
uniform thickness to dissipate heat throughout the die to the IHS and thereafter to 
the heat sink. 

[0006] However, because the assembled package contains materials with 
different coefficients of thermal expansion, and because the package is assembled 
in steps at various temperatures and because temperature gradients exist in a 
"powered-up" package the IHS will defomn so that it no longer remains flat. Once 
this deformation occurs in the IHS, the thickness of the thermal interface material 
between the heat sink and the IHS would vary and the IHS would no longer be able 
to uniformly dissipate heat from the die to the heat sink. 
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[0007] Further, even though a die may be relatively small, the heat generated 
by a die may not be evenly distributed throughout the die. In other words, hotspots 
may be seen in relatively small locations of a die where power consumption is high or 
heat generating circuits are present. 
5 [0008] Therefore, what is needed is a device and method that can determine 
the manner in which an IHS will deform due to either or both physical manipulation of 
the IHS itself and heat fluctuations caused by powering on and off the die in the 
package. Further, this device and method should compensate for the warpage seen 
in the IHS so that the distance between the IHS and heat sink remain approximately 
; :5 10 constant. Still further, this device and method should compensate for hotspots on a 
die and provide additional heat dissipating material in an IHS. 

s 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0009] The foregoing and a better understanding of the present invention will 
become apparent from the following detailed description of exemplary embodiments 
5 and the claims when read in connection with the accompanying drawings, all forming 
a part of the disclosure of this invention. While the foregoing and following written 
and illustrated disclosure focuses on disclosing example embodiments of the 
invention, it should be clearly understood that the same is by way of illustration and 
example only and the invention is not limited thereto. The spirit and scope of the 
10 present invention are limited only by the terms of the appended claims. 

[0010] The following represents brief descriptions of the drawings, wherein: 
[0011] FIG. 1 is an example of a package prior to assembly in an example 
embodiment of the present invention; 

[0012] FIG. 2 is an example of an assembled package with the IHS 10 having 
15 deformed by bowing out in the center due to differences in package material 
coefficients of thermal expansion or to physical manipulation and/or temperature 
gradients in an example embodiment of the present invention; 
[0013] FIG. 3 is an example of an assembled package with the IHS 10 having 
deformed by bowing in the center due to differences in package materials 
20 coefficients of thermal expansion or to physical manipulation and/or temperature 
gradients in an example embodiment of the present invention; 
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[0014] FIG. 4A is an example of a Morie Fringe image of a free-standing IHS 
10 as supplied by a manufacturer in an example embodiment of the present 
invention; 

[0015] FIG. 4B is an example of a Morie Fringe image of an IHS 10 at room 

temperature after being attached to the substrate in an example embodiment of the 
present invention; 

[0016] FIG. 40 is an example of a Morie Fringe image of an IHS 10 
assembled into a package, where the entire package is being soaked at 90 degrees 
Celsius in an example embodiment of the present invention; 
[0017] FIG. 5A is an example of an IHS 10 having a shape designed to 

compensate for the curvature seen in FIGs. 2, 4A, 4B and 4C in an example 
embodiment of the present invention; 

[0018] FIG. 5B is an example of an IHS 10 having a shape designed to 
compensate for the curvature seen in FIG. 3 in an example embodiment of the 

present invention; 

[0019] FIG. 6 is an example of an assembled package in which the IHS 10 
has been processed utilizing the compensated IHS 10 shown in FIGs. 5A or 58 and 
the logic shown in either FIG. 7 or FIG. 8 in an example embodiment of the present 
invention; 

[0020] FIG. 7 is an example of an assembled package in which the IHS 10 

has been processed utilizing the compensated IHS 1 0 shown in FIGs. 5A or 5B and 
the logic shown in either FIG. 7 or FIG. 8 taking into consideration a hotspot on die 
50 in an example embodiment of the present invention; 
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[0021] FIG. 8 is an example of the process of used to generate the IHS 10 

shown in FlGs. 5A and 5B resulting in the IHS 10 shown in FlGs. 6 and 7 in an 
example embodiment of the present invention; and 

[0022] FIG. 9 is an example of the process of used to generate the IHS 10 
shown in FlGs. 5A and 5B resulting in the IHS 10 shown in FlGs. 6 and 7 in an 
example embodiment of the present invention. 
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DETAILED DESCRIPTION 

[0023] Before beginning a detailed description of the subject invention, 
mention of the following is in order. When appropriate, like reference numerals and 
characters may be used to designate identical, corresponding or similar components 
in differing figure drawings. Further, in the detailed description to follow, exemplary 
sizes/models/values/ranges may be given, although the present invention is not 
limited to the same. As a final note, well-known components of computer networks 
may not be shown within the FIGs. for simplicity of illustration and discussion, and so 
as not to obscure the invention. 

[0024] FIG. 1 is an example of a package prior to assembly in an example 

embodiment of the present invention. FIG. 1 illustrates a package having a die 50 
attached to a substrate 30 using epoxy 60 with a finite amount of a thermal interface 
material (TIM) 20 placed on top of the die 50. This TIM 20 serves at least two 
primary purposes. First, it acts to conduct heat from the die to the integrated heat 
spreader (IHS) 10. Second, it also provides some adhesion between the IHS 10 and 
die 50. During the manufacturing process the IHS 10 is pressed down upon the TIM 
20 and adhesive 40. Thereafter, thermal interface material (TIM) 80 would be placed 
on IHS 10 with the heat sink 70 placed on top of IHS 10. TIM 80 servers the same 
function as TIM 20 and may be composed of the same material. Throughout the 
foregoing discussion the term package will refer to the combination of, but not limited 
to, the substrate 30, epoxy 60, die 50, thermal interface material 20, IHS 10. thermal 
interface material 80, heat sink 70 and adhesive 40. 
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[0025] FIG. 2 is an example of an assembled package with the IHS 10 
deformed by bowing out in the center due to physical manipulation and/or 
temperature fluctuations in an example embodiment of the present invention. As 
shown in FIG. 2, the IHS 10 would absorb heat from die 50 through TIM 20 and be 
held in place on the substrate 30 via adhesive 40. On top of the IHS 1 0 a heat sink 
70 or fan/heat sink combination (not shown) would be mounted to dissipate the heat 
absorbed by the IHS 10. However, since IHS 10 and TIM 20 both experience 
significant stresses during the assembly process and due to (1) physical 
manipulation and applied stresses during package assembly and (2) thermal 
expansion and contraction when the die is powered on and off, and (3) differences in 
material coefficients of thermal expansion, the IHS 10 may change its shape. As 
indicated in FIG. 2, the IHS 10 has bowed outward in the center so that TIM 80 is 
thicker in the center between heat sink 70 and IHS 10 as opposed to the outer 
edges. As previously discussed die 50 is connected to substrate 30 via epoxy 60. 
IHS 10 is affixed to substrate 30 via adhesive 40. Further, die 50 is connected to 
IHS 10 via TIM 20. 

[0026] FIG. 3 is an example of an assembled package with the IHS 1 0 having 
deformed by bowing in the center due to physical manipulation and/or temperature 
fluctuations or differences in material coefficients of thermal expansion in an 
example embodiment of the present invention. The sole difference between FIG. 2 
and FIG. 3 is the nature of the deformation of the IHS 10. As would be appreciated 
by one of ordinary skill in the art how the IHS 10 may be deformed is dependent on 
the materials it is made of, the manner of handling, and the heat it is exposed to by 

8 



ATS&K NO. 219.40433X00 
P12696 

die 50. Therefore, figures 2 and 3 are provided merely as examples of how and IHS 
10 may deform. Regarding the heating of the IHS 1 0 this is dependent upon how die 
50 generates and dissipates heat. For example, die 50 may generate heat at a 
specific location such as the center of the die 50 or it may dissipate heat at the outer 
edges of the die 50. The manner in which die 50 dissipates heat would directly 
affect the deformation seen in the IHS 10. Since all other elements shown in FIG. 3 
remain the same as that shown in FIG. 2, no further discussion of these elements will 
be provided here. 

[00271 FIG. 4A is an example of a Morie Fringe illustration of an IHS 10 as 
supplied by a manufacturer without being attached to a substrate 30 in an example 
embodiment of the present invention. It should be noted that the sensitivity of the 
Morie Fringe illustration is 12.5 microns per fringe and that FIG. 4A is a top view of 
IHS 10. As indicated in FIG. 4A, as received from the manufacturer the IHS 10 is 
effectively flat. 

[0028] FIG. 4B is an example of a Morie Fringe illustration of an IHS 1 0 after 
being at room temperature as assembled into a package in an example embodiment 
of the present invention. As with FIG. 4A, it should be noted that the sensitivity of the 
Morie Fringe illustration is 12.5 microns per fringe and that FIG. 4B is a top view of 
IHS 10. As indicated in FIG. 4B, after attachment to substrate 30 and at room 
temperature the IHS 1 0 significantly deformed as compared to that received from the 
manufacturer of the IHS 1 0. Since assembly occurs at room temperature, but curing 
of the sealant occurs at elevated temperatures, the entire package will warp when 
cooled to room temperature as seen in Fig. 48. This can affect the adhesion 



9 



ATS&K NO. 219.40433X00 
P12696 

between the heat sink 70 and the IHS 10 using the thermal interface material 80, as 
shown in FIG. 2. Further, it would affect the thickness of the thermal interface 
material 80 and thereby the heat dissipation capabilities of the heat sink 70. In Fig. 
4B a substrate is attached to the IHS, however, it is not visible in the picture. 
[0029] FIG. 4C is an example of a Morie Fringe illustration of an IHS 1 0 in an 

assembled package, where the package is being exposed to a 90 degree Celsius 
heat soak after attachment to substrate 30 (not shown) in an example embodiment 
of the present invention. As previously mentioned regarding figures 4A and 4B, it 
should be noted that the sensitivity of the Morie Fringe illustration is 12.5 microns per 
fringe and that FIG. 4c is a top view of IHS 10. As indicated in FIG. 40, as the 
temperature of the entire package is increased to 90 degree Celsius, the IHS 10 
actually flattens slightly as compared to that shown in FIG. 4B that is at room 
temperature. However, there is still significant deformation involved in the IHS 10 
shown in FIG. 4C to the point where two small bumps are formed in the IHS 10. 
[0030] Figures 4A through 4C are provided merely as examples of the type of 
deformation that may be seen in an IHS 10. As would be appreciated by one of 
ordinary skill in the art, the type of deformation that would be seen in the IHS 10 
would depend upon the type of manipulation received during assembly, the materials 
the IHS 10 and the other package components are composed of, the temperature 
range the IHS 10 is exposed to, etc. Therefore, in designing the IHS 10 to 
compensate for any deformation seen it is necessary to provide a process and 
method that can handle any deformation possible. Further, as would be appreciated 
by one of ordinary skill in the art, a Morie Fringe analysis is only one method of many 

10 
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for measuring deformation is in the IHS 10. Other examples would include utilizing 
laser or even a touch probe to measure the deformation. Ail these methods of 
measuring the shape of the IHS 10 will collectively be referred to as a dimensional 
analysis from this point forward. 

[0031] FIG. 5A is an example of an IHS 10 having a shape to compensate for 
the curvature seen in FIGs. 2, 4A, 4B and 40 in an example embodiment of the 
present invention. The convex shape of the IHS 10 illustrated in FIG. 5A is 
depressed in the middle of the IHS 1 0. This convex shape would be supplied by the 
manufacturer of the IHS 1 0 and would compensate for the deformation seen in FIG. 
2 and FIGs. 4A through 40. As would be appreciated by one of the ordinary skill in 
the art, the precise curvature of the IHS 10 would depend upon the nature of the 
deformation seen. 

[0032] FIG. 5B is an example of an IHS 1 0 having a shape to compensate for 

the curvature seen in FIG. 3 in an example embodiment of the present invention. 
The IHS 10, shown in FIG. 5B, is provided by the manufacturer to compensate for 
the deformation seen in FIG. 3. In this case, the center of the IHS 10 is bowed 
outward. As would be appreciated by one of the ordinary skill in the art, the precise 
curvature of the IHS 10 would depend upon the nature of the deformation seen. 
[0033] The IHS 10 illustrated in FIG. 5A and FIG. 58 are provided as merely 
examples of ways to compensate for deformations in an IHS 10. Depending upon 
the deformation involved any number of different compensating shapes may be 
provided. However, it should be noted that the compensation provided in the IHS 10 
should be opposite to that seen when the IHS 1 0 is mounted and is operating at the 
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die temperature. The goal should be for the compensated IHS 1 0 to be flat as will be 
discussed further in reference to FIG. 6. 

[0034] FIG. 6 is an example of an assembled package in which the IHS 10 
has been processed utilizing the compensated IHS 10 shown in FIGs . 5A or 5B and 
the logic shown in either FIG. 7 or FIG. 8 in an example embodiment of the present 
invention. It should be noted that the package illustrated in FIG. 6 is identical to the 
packages shown in FIG. 2 and 3 with the exception that the IHS 10 is flat and the 
thermal interface material 80 is of a constant thickness between the IHS 10 and the 
heat sink 70. Therefore, using the IHS 10 as shown in either FIG. 5A or FIG. 5B it is 
possible once the IHS 10 is grasped by the robot tool and mounted onto die 50 and 
substrate 30 for it to take on a flat shape once the die 50 has obtained its operating 
temperature. The remaining elements shown in FIG. 6 remain unchanged from 
those previously discussed in FIGs. 1 through 3 and will not be discussed further 
here. 

[0035] FIG. 7 is an example of an assembled package in which the IHS 10 
has been processed utilizing the compensated IHS 10 shown in FIGs. 5A or 5B and 
the logic shown in either FIG. 7 or FIG. 8 taking into consideration a hotspot on die 
50 in an example embodiment of the present invention. The package shown in FIG. 
7 is identical to that shown in FIG. 6 with the exception that additional material 90 
has been added to the IHS 10 in order to facilitate the transmission of the heat from 
a specific location on die 50 to heat sink 70. This specific location on die 50 is 
referred to as a hotspot since it generates more heat than other portions over the die 
50. As would be appreciated by one of ordinary skill the art, certain areas of the die 
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50 would generate more heat than others due to the nature of the circuitry at that 
location. By increasing the thickness of the IHS 10 at that hotspot, it would be 
possible to increase the heat transfer capacity of the IHS 1 0 at that location since the 
distance between the IHS 10 and heat sink 70 would be reduced. Of course, the 
reverse is also possible and the IHS 10 may be made thinner at selected points. 
[0037] Before proceeding into a detailed discussion of the logic used by the 
embodiments of the present invention it should be mentioned that the flowcharts 
shown in FIGs. 8 and 9 may contain software, firmware, hardware, processes or 
operations that correspond, for example, to code, sections of code, instructions, 
commands, objects, hardware or the like, of a computer program that is embodied, 
for example, on a storage medium such as floppy disk, CD Rom, EP Rom, RAM, 
hard disk, etc. Further, the computer program can be written in any language such 
as, but not limited to, for example C ++. 

[0038] FIG. 8 is an example of the process used to generate the IHS 10 
shown in FIGs. 5A and 5B resulting in the IHS 10 shown in FIG. 6 and 7 in an 
example embodiment of the present invention. Processing begins in operation 800 
and immediately proceeds to operation 810. In operation 810 a series of packages 
are built which include IHS 1 0 elements that are flat in the as received condition from 
the supplier. Thereafter, in operation 820 the packages are heat soaked or elevated 
to an approximate temperature at which the die 50 is anticipated to operate at. In 
operation 830, a dimensional analysis is performed on the IHS 10 in each package. 
This die dimensional analysis may comprising using a Morie Fringe analysis or some 
other technique for measuring the deformation in the IHS 10 in each package. As 



13 



ATS&K NO. 219.40433X00 
P12696 

part of the analysis performed in operation 830 a statistical analysis is performed on 
the results of the dimensional analysis received for each IHS 10. In this manner an 
average deformation for each IHS 10 can be determined. Thereafter, processing 
proceeds to operation 840 where a series of sets of IHS 10*s is are generated that 
have a slightly varying curvature to compensate for the warpage seen by the die 
dimensional analysis performed in operation 830. Each set of IHS 10's would 
comprise a statistically significant number of IHS 10's that would be of consistent 
shape with one another within a set, but would very in degree of compensation from 
one set to another. In this manner it would be possible to select the degree of 
compensation that best corrects the warpage seen. However, as would be 
appreciated by one of ordinary skill in the art, alternatively a simple series of IHS 1 0's 
may be manufactured and installed in packages. This simple series of IHS 10's may 
simply vary in the degree of compensation or curvature to form an equal distribution 
of IHS 10's of varying curvatures. In operation 845 the IHS 10 is are assembled into 
packages which comprise all the elements shown in FIGs. 1 through 3. 
[0039] Still referring to FIG. 8, processing then proceeds to operation 850 in 

which the set of packages or package that has the flattest package when powered 
on is selected as the template for the IHS 10 design. Thereafter, in operation 860 it 
is determined if die 50 has any hotspots therein. In the preferred embodiment 
operation 860 may be performed on the assembled package with the heat sink 70 
attached. In this way the correct stress and thermal conditions seen in actual use 
are achieved. In a preferred embodiment the hotspots are determined by 
temperature sensors contained with in the die 50 itself. In operation 870 for any 
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hotspots found in die 50, the curvature of the IHS is modified in the area of the 
hotspot to eliminate it. Thereafter, processing proceeds to operation 880 where the 
IHS 10 with the compensated shape for warpage and hotspots is manufactured. 
Processing then proceeds to operation 890 were processing terminates. 

5 [0040] FIG. 9 is an example of the process used to generate the IHS 10 

shown in FIGs. 5A and 5B resulting in the IHS 10 shown in FIGs. 6 and 7 in an 
example embodiment of the present invention. Processing begins execution in 
operation 900 and immediately proceeds to operation 910. In operation 91 0, a finite 
element model is generated for the entire package including the IHS 10. Finite 

10 element models comprise dividing a structure into a fixed number of smaller pieces 
or elements and inputting each element and its respective coordinates and 
relationships to other elements into a computer system. In addition, the properties of 
each element, such as, but not limited to, temperature expansion coefficients, 
elasticity, heat transfer capability, modulus of elasticity tensile strength, etc. are 

15 entered into the finite element model. Processing then proceeds to operation 920 
where the pressure points generated by the factory handling equipment, such as, but 
not limited to, a robot arm and grasping device, are entered into the finite element 
model. These pressure points would comprise the amount of pressure being placed 
on specific elements in the finite element model. The pressure experience by these 

20 specific elements would be transferred to other elements contained within the model. 
[00411 Still referring to FIG. 9, in operation 930 expansion coefficients and 
mechanical properties of each element of the package are also entered into the finite 
element model. In operation 940 the operating temperature of the die 50 is 
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determined and which elements in the finite element model are affected by the 
temperature increase of the die 50. For example, the epoxy 60 would have a 
different expansion coefficient than the IHS 1 0, or the heat sink 70. Processing then 
proceeds to operation 950 where the hotspots, if any, in the die 50 are identified and 
the corresponding elements in the IHS 10 are also determined. In operation 960 a 
finite element model is executed and the warpage of the IHS 10 is determined from 
the finite element model. Thereafter, in operation 970 the IHS 10 is redesigned to 
compensate for the warpage seen in operation 960. In operation 980 the finite 
element model is executed again with the exception that the IHS 10 compensated for 
the warpage seen earlier is utilized in the model. This would entail replacing the 
elements of the IHS 10 that are changed with new elements of possibly different 
shape an existing in different positions. Thereafter, in operation 990 it is determined 
if any warpage can be seen utilizing the compensated IHS 10 in the finite element 
model. If the warpage is not eliminated in the finite element model then processing 
returns to operation 970 where it is repeated. However, if the warpage is eliminated 
in the finite element model in operation 980, then processing proceeds from 
operation 990 to operation 1000. In operation 1000 a series of sets of IHS 10's is 
are generated that have a slightly varying curvature to the IHS 10 determined by the 
finite element model. Each set of IHS 10's would comprise a statistically significant 
number of IHS 1 0's that would be of consistent shape with one another within a set, 
but would very in degree of compensation from one set to another. In this manner it 
would be possible to select the degree of compensation that best corrects the 
warpage actually seen as opposed to that predicted by the finite element model. As 
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would be appreciated one of ordinary skill in Ihe art, no matter how well the finite 
element model is generated it still may not behave precisely as predicted in actual 
operation. Still further, as would be appreciated by one of ordinary skill in the art, 
alternatively a simple series of IHS 10's may be manufactured and installed in 

5 packages. This simple series of IHS 10's may simply vary in the degree of 
compensation or curvature to form an equal distribution of IHS 10"s of varying 
curvatures was the IHS 1 0 generated by the finite element model being the medium 
IHS 10. In operation 1010 the IHS 10 is are assembled into packages that comprise 
all the elements shown in FIGs. 1 through 3. 

10 [0042] Still referring to FIG. 9, processing then proceeds to operation 1 030 in 
which the set of packages or package that has the flattest package when powered 
on is selected as the template for the IHS 1 0 design. Thereafter, in operation 1 040 it 
is determined if die 50 has any hotspots therein. In the preferred embodiment 
operation 860 may be performed on the assembled package with the heat sink 70 

15 attached. In this way the correct stress and thermal conditions seen in actual use 
are achieved. In a preferred embodiment the hotspots are determined by 
temperature sensors contained with in the die 50 itself. In operation 1050 for any 
hotspots found in die 50, the curvature of the IHS is modified in the area of the 
hotspot to eliminate it. Thereafter, processing proceeds to operation 1 060 where the 

20 IHS 10 with the compensated shape for warpage and hotspots is manufactured. 
Processing then proceeds to operation 1070 were processing terminates. 
[0043] The benefits resulting from the present invention is that an IHS 1 0 may 

be designed that will create and approximately flat package even after manipulation 
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and exposure to fluctuations in temperature. With such a near flat package it is 
possible to effectively and uniformly dissipate heat from a die. In addition, is 
possible to increase the heat dissipation capacity of the IHS 1 0 for specific locations 
associated with hotspots in a die 50. 

[0044] While we have shown and described only a few examples herein, it is 
understood that numerous changes and modifications as known to those skilled in 
the art could be made to the example embodiment of the present invention. 
Therefore, we do not wish to be limited to the details shown and described herein, 
but intend to cover all such changes and modifications as are encompassed by the 
scope of the appended claims. 
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